In a population of Rhode Island White hens heritability of egg formation, clutch characters and traditional selection traits as well as the genetic and phenotypic correlations between them were estimated via multitrait animal model. Over 1300 birds and about 4000 birds were recorded in two consecutive generations for oviposition time and traditional traits, respectively. The heritability estimates obtained for age at first egg (h 2 =0.42), egg weight (h 2 =0.50) and body weight (h 2 =0.42) were considerably higher than those for initial egg production (h 2 =0.22), clutch traits (h 2 between 0.11 and 0.23) and oviposition time (h 2 between 0.13 and 0.19). Both genetic and phenotypic correlations between clutch traits and traditional selection traits were low, except for initial egg production and maximal clutch length (r g =0.40 and r p =0.38). As expected, negative correlations were registered for number of clutches and average clutch length. It indicates an opportunity of selection aimed at improvement of egg production persistence by an increase in the average clutch size. Oviposition time was favourably correlated with traditional selection criteria.
INTRODUCTION
It is well known that long term selection in laying hens led to substantial decrease of genetic variability in traditional selection traits, for instance initial egg production, egg weight, body weight and age at first egg (Szwaczkowski, 2003) . Therefore, other groups of traits describing egg production such as clutch traits were considered as a potential selection criterion (Sheldon and Yoo, 1993) . Formation of clutches results from longer than 24 h time needed for egg formation (Bednarczyk et al., 2000; Chen and Tixier-Boichard, 2003a) . Therefore analysis of time interval between consecutively laid eggs seems closer to the physiology of the egg production process. Bird ovulatory cycle is thought to be controlled by a circadian rhythm, entrained by the daily light-dark cycle, that governs the timing of the preovulatory surge of luteinizing hormone and by the growth and maturation of the follicles. More details on physiological background of egg formation are given by Lillpers (1993) .
The laying rhythm has been studied for several species of domestic fowls, for instance laying hens (Lillpers and Wilhelmson, 1993; Luc et al., 1996 , Bednarczyk et al., 2000 , ducks (Simmons and Hetzel, 1983) , geese (Rosinski et al., 2006) and turkeys (Pyrzak and Siopes, 1989) . In general, the results seem to be promising. Miandmients et al. (1993) found positive relationship between egg production and clutch length. However, majority of above mentioned studies were based on evaluation of phenotypic relationship between 'new' and 'classical' egg production traits.
It should be stressed that the data from the population used in this study were analysed by Bednarczyk et al. (2000) using the sire-dam model without integrating connections and additional relationships between individuals. Thus, it could have led to overestimation of residual variances and, in consequence, bias in the estimates of genetic parameters of the studied traits. Nowadays, the advantages of animal model with full relationship matrix over sire-dam model to analyse genetic and phenotypic parameters of multigenerational populations seem to be evident.
The objectives of this study were to estimate the heritability of egg formation, clutch characters and traditional selection traits as well as the genetic and phenotypic correlations between them via multitrait animal model.
MATERIAL AND METHODS
Two consecutive generations ofthe A22 line (Rhode Island White) were recorded. The genetic improvement programme applied is based on classical selection index including five traits: initial egg production, rate of initial egg production, body weight, average egg weight and age at first egg. More details on the selection index applied were described by Wezyk and Szwaczkowski (1997) . The study was undertaken at Poultry Research Branch of National Research Institute of Animal Production at Zakrzewo near Poznan (Poland). From eighteenth week of life birds were kept in individual cages with 750 cm 2 per hen. After stimulation period lightdark time ratio was 14:10 h. Compound feed in mash form was provided ad libitum. Temperature and humidity were automatically controlled. A total of 720 cages were connected to a computer device that automatically recorded time and cage in which an egg was laid. Each bird from such cage was characterized for within clutch time of egg formation from first oviposition until the 64 th week of age using an electronic data collection system described by Bednarczyk et al. (1997) . Bar code and hen number expressed in digits placed in front of cage identified each hen. At oviposition the data read from the mark were recorded by the LAG-950 Laser Reader, coded in the memory of BCP-601 terminal and then transferred to the computer for further analysis. The records were used to define the following traits: mean oviposition time (MT), within bird variance of oviposition time (VT), minimum oviposition time (MINT), maximum oviposition time (MAXT) for hens in the experimental setting. Other production traits were also measured for all hens from the given generation. Based on individual daily egg records number of clutches (CN), average (CS) and maximal (MCS) clutch length and initial egg production (IEP-38 th week of life) were determined. Additionally traits included in the selection index were measured: body weight (BW) at thirty weeks, age at first egg (AFE) and egg weight (EW).
Statistical description of these data is given in Table 1 . The following multitrait animal model was employed:
where: y -the (N x 1) vector of observations on t traits with following form: y = (y >x f y 2 . , t y j J;b -the (pt x 1) vector of fixed effects (two years and eight hatch periods) with following form: b = (b\ ,b 2 ,...,b^) ; a -the (qt x 1) vector of random additive genetic effects with following form: a = (a\, a 2 ,..., a t ); e -the (N x 1) vector of random errors with following form: e = (e t ,e 2 e<); X and Z are N x pt and N x qt these incidence matrices for fixed and random effects, respectively. Whereas X = (I t ® Xj) and Z = (I t ® Z.) with X. and Z{ are the incidence matrices for single trait, I t is diagonal matrix and <8> denotes Kronecker product.
Traits were analysed in groups of seven due to computing demands with the same model used for all traits. REML approach was applied to estimate variance components in the DXMUX programme which belongs to the DFREML package (Meyer, 2001) .
The following parameters were estimated: heritability, genetic and phenotypic correlations. Standard deviations of heritability estimates were derived from the average information matrix (Meyer, 2001) .
RESULTS AND DISCUSSION
Estimates of heritability of the studied traits as well as genetic and phenotypic correlations between them are listed in Table 2 . Generally, the heritability estimates obtained for classical characters (especially AFE, EW and BW) were considerably higher than those for clutch traits. It should be recalled that these traits and IEP have been included in selection index applied to the studied population. A number of reports on heritabilites of the so-called classical traits are available in the literature (see Szwaczkowski, 2003) . The effectiveness of the current genetic improvement programme in the population can be implied from the estimates of genetic parameters of classical traits. Body weight, egg weight and age at first egg were moderately heritable, whereas for traits directly related to egg production lower estimates of heritability were obtained. A wide range of heritability estimates of traditional selection traits are available in the literature. For instance, heritability of body weight varies for both layer and broiler chicken (Bednarczyk et al., 2000; Szydlowski and Szwaczkowski, 2001; Zieba et al., 2003) . Egg weight was found to be moderately heritable in the study herein. Similar estimates were obtained by Nurgiartiningsih et al. (2004) for White Leghorns as well as by Zieba et al. (2003) for Rhode Island strains. Body weight was positively correlated with egg weight, however the correlation was not very high (0.25 at the phenotypic and 0.21 at the genetic level). It corresponds to the results published so far (Szwaczkowski, 2003) . As it was already mentioned, initial egg production was characterized by lower heritability. It is caused by long term selection on this trait. It is well known that estimates from commercial populations are usually lower than from experimental or local breeds. Because of decreased heritability and genetic progress for initial or total egg production, new measurements were tested for their usefulness in the breeding programmes. The first group of these traits were clutch traits. In the studied population 23% of the variation of number of clutches and average clutch length was attributed to genetic factors. However, these estimates are negligibly higher than obtained by Bednarczyk et al. (2000) via sire+dam model for this population. Heritability estimate for maximal clutch length was lower (0.11) than these found for CN and CS. As expected, the heritability estimates reported by other authors varied depending on the type of population under study and statistical model. Chen and Tixier-Boichard (2003b) concluded that average clutch size can be effectively improved by selection in dwarf laying hens whereas the selection response was not considerably affected by naked neck gene. The heritability estimates by Chen and Tixier-Boichard (2003b) were relatively higher than ones estimated in the present study, but it should be mentioned that they were obtained for transformed data. It is well know that data transformation often leads to higher heritability estimates since an empirical distribution of given trait better approximates normality. On the other hand, high estimates for untransformed observations of clutch traits in two lines of laying hens were found by Luc et al. (1996) . Various estimates of heritability (from sire, dam and sire+dam components) for laying rhythm in geese were estimated by Rosinski et al. (2006) . It may indicate a more complex genetic background of these traits. Both genetic and phenotypic correlations between clutch traits and traditional selection traits were low, except for initial egg production and maximal clutch length (r g =0.40 and r p =0.38). As expected, negative correlations were registered for number of clutches and average clutch length. It indicates an opportunity of selection aimed at improvement of egg production persistence by an increase in the average clutch size. Clutch traits were extensively evaluated over the last decades. The different approaches included sire+dam model (Bednarczyk, 2000) , and animal model estimates confirmed by selection experiment (Chen and Boichard, 2003b) . Selection experiment proved that it is possible to obtain significant progress in clutch length and that correlated response can be achieved in egg number.
The studies on oviposition times were already carried out in the 1970s (McClung et al., 1976) ; however, they were newly undertaken in the XXI century (Lewis et al., 2004) due to reduced selection response in the traditional selection criteria applied in layer populations. Average time between eggs in the studied population was 24.09 h; however, the average minimal time was slightly above 21 h, which suggests a high range for further improvement. The heritability of minimal and maximal times between ovipositions was almost 0.2 which is similar to the level estimated for initial egg production in the studied population. Temporal laying organization was also studied in quails (Houdelier et al., 2002) . As it was already mentioned the heritability estimate for mean oviposition time was relatively low (0.13), whereas the parameters for traits describing variability of time of egg formation were higher. Low heritability (h 2 =0.09) of time interval was recently reported in Leghorn hens by Icken et al. (2008) . However, Lillpers (1991) reported heritability estimates of time of oviposition ranging from 0.38 to 0.78. The genetic and phenotypic relationships between these traits and classical ones are basically favourable, resulting from the biological background of egg formation. For instance, when an increase in initial egg production is genetically associated with a decrease of average time of oviposition (r g = -0.37). Also a favourable genetic correlation was estimated between average egg weight and mean time of oviposition.
The results suggest a possibility of effective selection for improvement of egg production traits; but, from economical perspective, other important characters should be included into the analysis. It is well known, that egg quality and reproductive traits are determined by a number of factors. An investigation carried out by Tumova et al. (2007) indicated a significant phenotypic relationship between oviposition time and egg quality. So far, Tumova and Ebeid (2005) reported that eggs laid in the morning had a slightly higher ratio of yolk than eggs laid in the afternoon. Effects of oviposition time on reproductive traits have been examined by Zakaria et al. (2009) .
CONCLUSIONS
Generally, substancial amount of genetic vriation was found for egg formation and traditional selection traits. However, it should be recalled that both genetic and phenotypic influences on the performance traits are always estimated for the given population. Hence, generalization of the results for oviposition time and clutch size should be done carefully, especially considering small population size. On the other hand, the obtained results seem to be promising and stimulating for further studies on including the clutch and oviposition traits in genetic improvement programmes in laying hens.
